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FOREWORD

The Systems Technology Laboratory (STL) is a computational
research facility located at the Goddard Space Flight Center
of the National Aeronautics and Space Administration (NASA/
GSFC). The STL was established in 1978 to conduct research
in the area of flight dynamics systems development. The
laboratory consists of a VAX-11/780 and a PDP-11/70 computer
system, along with an image-processing device and some
microprocessors. The operation of the Laboratory is managed
by NASA/GSFC (Systems Development and Analysis Branch) and
is supported by SYSTEX, Inc., Computer Sciences Corporation,
and General Software Corporation.

The main goal of the STL is to investigate all aspects of
systems development of flight dynamics systems (software,
firmware, and hardware), with the intent of achieving system
reliability while reducing total system costs. The flight
dynamics systems include the following: (1) attitude deter-
mination and control, {(2) orbit determination and control,
(3) mission analysis, (4) software engineering, and (5) sys-
tems engineering. The activities, findings, and recommenda-
tions of the STL are recorded in the Systems Technology
Laboratory Series, a continuing series of reports that in-
cludes this document. A version of this document was also
issued as Computer Sciences Corporation document
CsC/TM-79/6080.

The primary contributor to this document was

Carl Rabbin (Computer Sciences Corporation)

Other contributors include
Keiji Tasaki (Goddard Space Flight Center)
Charles Goorevich (Computer Sciences Corporation)
Single copies of this document can be obtained by writing to

Keiji Tasaki

Code 582.1

NASA/GSFC

Greenbelt, Maryland 20771
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- ABSTRACT

This document provides a system description and user's guide for the Intel 8080

orbit propagator developed on the Tektronix 8002 microprocessor development

system. The Intel 8080 orbit propagator contains a force model up to 6 by 6

and includes the effects of the Sun and Moon. The propagator was specifically

designed to handle the class of geosynchronous orbits. This document has been

preéaﬁfed in partial fulfillment of the requirements of Téiskrrgssignment 866 of
i Contract NAS 5-24300,
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SECTION 1 - INTRODUCTION

The Intel 8080 orbit propagator was designed to handle the class of geosynchro-
nous orbits on a microprocessor. The perturbations affecting this class of
orbits are the geopotential Earth terms up to 4 by 4 and the noncentral bodies of
Sun and Moon., The code to handle this problem was first developed and verified
on an IBM S/360 and then transported to the Tektronix 8002 microprocessor
deveiopment system wherein differences in compilers were resolved and a
checkout of the software completed. The microprocessor development system
will be used to verify the hardware being specially built for this problem. The
developed software will then be transferred to programmable read-only memory
{(PROM) contained in the specially built hardware. The final result will be a

small microcomputer capable of propagating synchronous orbits.

This document reflects the status of the system to the point of verifying the
software on the microprocessor development system. Section 2 describes the
computational models used; Section 3 includes a system overview and user's
guide. Section 4 describes the analysis performed on both the IBM simulations
and the Tektronix development system. Section 5 gives information on how to

maintain the system.

1-1



SECTION 2 - COMPUTATIONAL MODELS

This section includes the mathematical models used in the Intel 8080 orbit prop~

agator and descriptions of the parameters used, coordinate systems, and ana-

lytical development. The mathematical models presented are as follows:

° Coordinate system
® Orbit propagation model
° Miscellaneous models

No attempt is made herein to show how the models are integrated into the prop-
agator. Section 3 gives the necessary information on program structure and

interfaces.
2.1 COORDINATE SYSTEM

In the orbit propagation program, the inertial system will be used to represent

the orbital state (Cartesian coordinates) of the propagated satellite.
The coordinates of the inertial system are defined as follows:
Origin = center of the Earth

x = axis lying in the equatorial plane of the Earth and pointing towards

1
Aries (T)
z = axis pointing toward the North Pole

y = axis in the equatorial plane perpendicular to the x-axis and

oriented so that (x, y, z) is a right-handed system

T :
True of Date System (TOD) since Aries will be located at spacecraft epoch.
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Using the inertial system, a unit vector T may be defined in the following two

ways:

° Inertial coordinates (r 1 T r3) of the vector T

2

° Right ascensi'on, o , and declination, 0 , of the vector T
o 0 .
0<Sa=360; -90 <65<+90 6>0 ﬁr3>0)

The relationship between the inertial coordinates and right ascension and decli-

nation is given by the following formulas:

r, = cos 0 cos

r2=cos6 sin o

= g7 6
I'S s

2.2 INTEL ORBIT PROPAGATION MODEL
The following components make up the propagator:

® Fourth-order Runge-Kutta integrator (starter) with modified Fehlberg

coefficients
® Adams-Moulton predictor corrector (integrator)
® Up to 6-by-6 Earth geopotential model

Integration will be performed using the Cowell technique of integrating Cartesian

coordinates of acceleration and velocity in TOD.

2.2.1 Fourth-Order Runge-Kutta Integrator (Starter)

The numerical integration technique used is taken from Reference 1. The in-

tegrator is a fixed-step, fourth-order Runge-Kutta, with modified Fehlberg
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coefficients. The technique is designed to optimally approximate the solution

to the initial value problem

&

at f(t, %), x1 =x(t1)

by the relation

4
x('c1+h)=x1+h]:4=:1 ckfk

where

'f1 =f(t1, xl)
k-1
= -+ >
£ f(t1 ha, x1+hg:=13kkf;\),k 1

In the above relations, x and f are vectors; h is the stepsize; ¢, B, and ¢
are the coefficients defining the locations of the functional evaluations of their
weights, The following coefficients are used in the four function evaluations to

be performed:

B
A KA
K Cx
K 1 2 | 3
1 0 116
2 1/4 174 0
3 2. | o 1/2 2/3
4 1 1 2 |2 116
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2.2.2 Adams Moulton Predictor Corrector

The Intel orbit propagator uses the Adams-Bashford, Adams-Moulton (ABAM)
predictor-corrector pair of numerical integrators. These integrators are part
of the family of muitistep methods used for solving initial value problems of
ordinary differential equations. The problem is to find the function y(x) satis-
fying dy/dx = f(x, y) , y(xo) = yo , on an interval containing Xo . The following

equations are used for the integrator:

~ ~ h .
(AB) yp - yp—l = 1470 (4277 fp_1 - 7923 fp_z - 9982 fp_3
(2-1)
-7298 fp_4 + 2877 fp_5 - 475 fp,—6)
~ o~ h
- T ¢ 4 - 4.
(AM) yp yp_1 1240 (475 fp 1427 fp_1 798 fp_z 482 fp_3
(2-2)
- +
173 fp-4 27 fp—5)
where h=

stepsize between grid points Xq , Xq +

fx , yix x ) will usually replace y(x
(0 ¥ o) 5 » y rep y( o)

f
q
¥  =numerically computed value of solution at x, (as opposed to exact
value V.= y(xr))

s seey I must be obtained for
6 p-1

the first use of the ABAM integrator. This is done in the Intel orbit propagator

It should be noted that the starting values fp_

by (single-step) numerical integration with the Runge-Kutta-Fehlberg integrator

described in the previous section.

The basic flow of operations is as follows. A new solution point, yp , is pre-
dicted by Equation (2-1) as ¥ . This value may then be used in computing

fp e f(xp, ?p) , and a new corrected value of 'fp is computed as ’ir‘p in Equa-
tion (2-2). This correction may be done more than once until a small difference

between successive corrected values is obtained.
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The ABAM predictor-corrector is used for numerically solving for the six

Cartesian coordinates describing the satellite position and velocity. The three

equations for the velocity are of the form
X =1, X) (2-3)

and the three equations for position are of the form

X = g(x) 2-4)

, g It should be noted that the general form of Equation (2-3) allows for the simple
v addition of perturbing effects (Earth nonsphericity, solar and lunar gravitational
. l effects, etc.) onto the right-hand side of the equation. This technique places

this integration scheme in the Cowell family of propagators.

A The AB integrator herein is of the sixth order, and the AM is of the fifth, The
following observations should be made for implementation of the ABAM pair,

especially if accuracy problems are encountered:

\ ° The coefficients for Equations (2-1) and (2-2) should be expressed
- as fractions (i.e., divided by 1440 first). This prevents a loss of
f digits which may occur when multiplying by a large coefficient and
then dividing by a quantity within an order of magnitude of the co~
j efficient,

® Arrange terms with the resulting reduced coefficients so that they

will be summed in ascending order of the magnitudes of the corre-

sponding coefficient. This will often prevent the loss of the digits

of least significance, due to the shifting of digits during floating~
point addition.
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For further information concerning the derivation and error analyses of the
Adams—Bashfdrth,_ Adams-Moulton predictor-corrector, Reference 2 should

be consulted.

2.2.3 6-by-6 Earth Geopotential Model

Most solar system bodies are known to have figures which depart from the
spherical model of the particle. The nonsphericity of the gravitational potential
may give rise to a significant perturbation of satellite trajectories. Therefore,
accurate orbit determination may require the inclusion of nonspherical terms.
The model used in the target orbit propagator will contain up to a 6-by-6 Earth
model, which will be modeled as described in Reference 3. The gravitational

potential of the central planet in terms of spherical harmonics is expressed as

n
o R
MM 0] e 0 .
Y, ¢, A) = T + = E Cn (—) Pn(sm ?)

r
n=

-t

+

ST =

o I R n
Z Z (-§-> Pm(sin o)) (Sm sinm\ + C. cos mk)
r n n n
=1 m=1

=]

where r = magnitude of the vector from the body's center of mass to
the satellite

¢ = the geocentric latitude

A = the geocentric longitude (measured east from the prime
meridian)

K = the gravitational parameter of the central body (U for the
Earth = 398600. 8 km3/sec?)

R, = radius of the Earth (6378. 14 km)

Pgn = the associated Legendre function

Sn , C " =harmonic coefficients (i.e., Zonal harmonics for m = 0;

Sectorial harmonics for m = n; Tesseral harmonics for
n>m #0) Note: J_= —cg)



The first term is the point mass potential for Keplerian motion, and the second

and third terms are the nonspherical potential due to the sum of zonal and tes~

seral harmonics, respectively., The expansionto n=m =6 is commonly

refered to as a 6.6y - 6 Earth model.

The Legendre functions and the terms cos mA and sin m\ are computed via

recursion formulas as follows:

o . 0 o
1 P (sing) = [(2n - 1) sin ¢ P _(ind)-m-1P ,(sin #)1/n
' I Pzn(sin P) = an_z (sin ¢) + (2n - 1) cos @ Plr?_-ll(sin $) m#0, m<n

Pg(sin @) = (2n - 1) cos ¢ Pg:%(sin ) m#0, m=n
where

0, . _
PO(sm ¢)y=1

Pg(sin @) = sin ¢

Pi(sin @) = cos ¢

sin mA =2 cos A sin(m - 1) A - sinm - 2) A

cos m\ =2 cos A cos(m - 1) A - cos(m - 2) A
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The spherical harmonic coefficients used to represent the mass distribution of

the Earth are as follows:

Sectorials and Tesserals

Zonals
-2
J2 = 0.108265 x 10
J3 = -. 254503 x 10~°
5

J4 =-.1671499 x 10~
J5 = ~. 2067209 x 106

J6 = 0.64006172 x 1078

C21 = -0.1326739 X 1078

C22 = 0. 1566511 x 10
C31 =0.2161875 x 10
€32 =0.3172142 x 10
C33 = 0.1025055 X 10
C41 = -0.5052256 x 10

~5
-5
-6
-6

6

C42 = 0.7739965 X 107"
C43 = 0.5901404 x 107"
C44 = -, 3608512 X 10™°
C51=-.51413652 X 107"
C52 = . 10362962 x 10™°
7

C53 = -, 13284881 X 10~
C54 = -,22939341 % 10
C55 = .32954778 X 10™°

8

C61 = -. 62776599 X 10"

C62 = .58964246 X 1078

C63 = .75677410 X 102
9

C64 = -, 36861988 x 10
C65 = -, 21086437 X 10
C66 = . 64295796 X 107

9

2.3 MISCELLANEOUS MODELS

S21 = -0. 1374346 X 107"
§22 = 0. 8869932 X 1070
S31=,2571596 x 107°
$32 = 0. 2078203 x 10™°
$33 = 0, 1949036 x 1070
S41 = 0.4199062 X 10
$42 = 0. 1515418 x 107
$43 = -. 1275373 x 10"
S44 = . 6386659 X 107"
S51 = -. 84962448 x 107"
$52 = -.49163518 X 10"
§53 = -, 82141685 X 10
$54 = . 27915369 X 107>
$55 = —. 16403877 X 10
S61 = -. 24097526 X 107
S62 = -, 43267643 x 107
9

S63 = -, 1250492 X 10
S64 = -. 17000671 x 10™°
$65 = -, 42858549 X 102
S66 = -. 56608237 x 107 10

This section presents the following miscellaneous models used by the orbit

propagator:

® Julian date

® Greenwich hour angle

° Sun and Moon positions
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2.3,1 Julian Date

The base times maintained in the program include

) T~-time in seconds since epoch
® DJO--modified Julian date (days since 2400000) in universal time
(UT)

. EJO--modified Julian date (days since 2400000) in ephemeris time
(ET)

The epoch time of the satellite will be input in terms of year, month, day, hour,
minute, and second (the second will be the smallest unit of input). The input

will then be transferred to the modified Julian dates (bJ O, EJO).

The relationship between DJO and EJO is as follows:

EJO = DJO + (38.66 + 2.5921E - 03 (DJO - 40000. 0))/86400. 0

2.3.2 Greenwich Hour Angle

The Greenwich hour angle is calculated by the following equation:

GHA = 100°, 075542 + 0°, 98564735(8) + (2°. 9015) 10”13 (5)2

+ We(t) + (nutation in right ascension)
We is the angular velocity (deg/sec) of the Earth and is given by
W, = . 0041780742/ (1. + (5.21) 10"3(6))

where § = the number of whole days since 1950

t =the fraction of days (i.e., modified Julian date 33282.5 =0 +t)

2-9



For the microprocessor application, the nutation in right ascension will not be

modeled.

2.3.3 Sun and Moon Positions

The formulas used in the Sun and Moon positions were obtained from the Explan-

atory Supplement to the Astronomical Ephemeris (Reference 4).
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SECTION 3 - SYSTEM OVERVIEW AND USER'S GUIDE

This section presents the system overview and user's guide. Section 3.1 gives
the baseline diagram of the Intel orbit propagator and a functional description
of each module. The subroutine descriptions are given 1n the prolog to each
routine (Appendix A). Section 3.2 gives user instructions on how to run the
Intel orbit propagator on the microprocessor Tektronix 8002 development

system,
3.1 SYSTEM OVERVIEW

Figure 3-1 gives the baseline diagram of the Intel orbit propagator system.

Each module in the baseline diagram performs the following functions:

° Main Driver Reads input and controls calls to DATE, ORBIT,
and GHAX
? DATE Calculates modified Julian date from year, month,

day, hours, minutes, and seconds

L ORBIT Performs integration (Runge-Kutta or
Adams-Moulton)

® GHAX Calculates Greenwich hour angle from Julian
date

® ACCEL Controls calls to perturbation models and sums
accelerations

s SOL Calculates position of the Sun

® LUNA Calculates position of the Moon

° SPART Calculates Earth geopotential field (up to 6 by 6)

3-1
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MAIN DRIVER

DATE ORBIT GHAX
JULIAN DATE INTEGRATOR GHA
ACCEL
sums
ACCELERATIONS
soL LUNA SPART
SUN POSITION MOON POSITION EARTH FIELD
Figure 3-1. System Diagram of Intel Orbit Propagator
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3.2 USER'S GUIDE TO EXECUTION OF ORBIT PROGRAM

The orbit program was developed and tested on the microprocessor Tektronix
8002 development system, an Intel 8080~based system. References 5 and 6

provide information on its use.

Executing the orbit program requires using a system disk in Disk Drive 0
and a disk containing the orbit object module ORBH in Drive 1. (Section 5.2
describes where these disks can be found.) The reset switch is used to enter

the monitor, if the system is not in the monitor program already.

A series of commands is used to assign logical device unit numbers, load the
object module into memory, and start program execution. These commands
are all in the command file FORTLGO. To use this command file, the user

should type after the prompt (} indicates carriage return).
= FORTLGO ORBH/1 CONO 20004

FORTLGO is a command file on the system disk in Drive 0 allowing the user

to specify certain arguments in the commands. In FORTLGO, the first argu-
ment is the object module to be loaded; the second is the device for output; the
third is the starting address for the object module being used. The second ar-
gument is variable. It may be CONO, meaning output to the console (terminal),
LPT1 for the Iine_printer, or any other name for a disk file. If a /1 is appended
to this disk file name, the file will be on the disk in Disk Drive 1; otherwise,

it will be on Disk Drive 0. (Another reserved device name is CONI, meaning

input from the console; however, this does not apply here.)

If a disk output file is being created and a file with that name is already on the
disk, a modified version of the name will be used until the end of the program.
Then, the old file will be deleted and the new file assigned the name. If, for

example, the old file is ABC/1, the new one will be temporarily named *BC/1

and at the end it will be renamed ABC/1 and the old one deleted. This must



; be known if the program is aborted because then the old file will not have been
deleted. To abort the program, the user should press the ESC key twice. When
the prompt >» appears, the user should type (after prompt)

>>ABO FORTLGO 4

This will abort whatever is being run and suppress continued reading of the

command file FORTLGO.

The actual program begins by requesting data as shown in Figure 3-2. The un-
derlined numbers are for the sample run generating the output of Figure 3-3.
It should be noted that single~ and double-precision floating-point numbers and

integers must be entered as in the example. The data to be input is as follows:

INITIAL DATE (EPDATE(1~3)): YEAR, MONTH, DAY (SINGLE-PRECISION

FLOATING POINT)

INITIAL TIME (EPDATE (4=6)): HOUR, MINUTE, SECOND (SINGLE-PRECISION

FLOATING POINT)

INITIAL POSITION COORDINATES X, Y, Z(EPELEM(1+3): (DOUBLE-PRECISION

FLOATING POINT) .

INITIAL VELOCITY COORDINATES X, Y, Z(EPELEM U4=6): (DOUBLE-PRECISION

FLOATING POINT)

TC: DURATION OF ORBIT RUN (DOUBLE-PRECISION FLOATING POINTD

DT: INTEGRATION STEPSIZE (DOUBLE-PRECISION FLOATING POINT)

PRINT: INTERVAL FOR PRINTING DATA MUST BE AN INTEGRAL MULTIPLE

OF DT (DOUBLE-PRECISION FLOATING POINT)

ITYP = O FOR RUNGE-KUTTA INTEGRATION (INTEGER)

1 FOR ADAMS-MOULTON INTEGRATION

MMAX:  MAXIMUM NUMBER OF ZONALS RANGES FROM 2 TO 6 BUT IS USUALLY 4

NMAX: MAXIMUM NUMBER OF TESERRALS RANGES FROM O TO 6 BUT IS

USUALLY 4

0 IF NONCENTRAL BODY EFFECTS ARE IGNORED _

1 IF NONCENTRAL BODY (SUN AND MOON) EFFECTS ARE INCLUDED

CONVG: CONVERGENCE TEST VALUE FOR ADAMS-MOULTON INTEGRATION
(DOUBLE-PRECISION FLOATING POINT)

INC:

[FET

Output is of the form shown in Figure 3-3. First, the input is displayed for

user verification. Next, the epoch Julian date and the Greenwich hour angle

are displayed. Finally, a time history of position and velocity vectors at the

requested time interval is displayed.




b

INPUT 3 NUMBERS FOR THE DATE (EPDATE(1-33))3

79,510,915,

INPU+ 3 NUMBERS FOR THE TIME (EFDATE(4-3:6))!
0:420420, ’

INFUT THE 3 FOS. ‘GOORDINATES (EFELEM(1-33))1
13511,35317000¢~-39737.34414000, 3876, 28982000

INFUT THE 3 VEL. COORDINATES (EFELEM(4-36))3
2,8952516520041,00847342810; , 2459405166010

INFUT:  TCyBT,PRINTS

43.05,430,00,860 .00

INPUT!? ITYP;NﬁAX:MMAX:INC;CDNUG3
1942451,1.0-12

Figure 3-2. Example of Program Input



X 13311.353170 KM
Y ~39737.344140 KM
- A 3876.,289820 KM
VELOCITY COMFONENTS -
XpaT 2.8952516520 KM/SEC
YRoT 1.008673428B0 KM/SEC
ZnoT + 2459403166 KM/SEC
EFOCH JULIAN DATE? 2444161.,5000000000
EFOCH GHaAZ + 4002580047
TIME FROM INERTIAL FOS, AND VEL. COORD. (KM)$
oy EFOCH IN SEC: X Y
] XnoT Yoor
1) 60,0 15973.0489034673 ~38792,2594971057
"2.8277458109 1.1884778447
23 1720,0 18371.88330996460 -376%4.,5035218538
2.7491104476 1.,3636065321
2) 2580.0 20698.41504456494 -346448.,3954979897
2465763552127 1.5333694015
4) 3440.0 22942,4384281991 -35058.8387004810
+O5927325306 1.6?70976“u
) 43200.0 25098.2668534521 -335 3026793129
2444973560385 1.8541459964
&) 516040 27154.,2705041058 —31871.u001”06658
2+.3300%92471 2,00289578
7 46020.0 22103.40888067468 —30086.8635782616
2.2012938042 2.1457571441
8) 688040 30938.0127185963 -28183.5126648552
2,0638274088 2.2791712654
?) 7740.0 33650.8642684802 ~261469.2612697987
1,9182420047 2,40346131417
102 B400.0 34235.2257624085 -24052.0175406204
1.7651115310 2.51889246323
113 9460.0 154684.88659732305 ~21840,1245364036
1060303964600 2246234574040
1) 10320.0 36794.0847611765 ~19542,2882775127
1.438435739469 2.7163942175
135 11180.0 351u7 /3bu090 ~17167.35432732419
1. 2.860243065467
143 12040.0 ~14725.27004203463
1. 2.87543465738
1% 129C0,0 403700uuu1579574 -122325,04803232485
INEI147498 2.9371254846
162 13760.0 4C732.5250806132 ~246746.7281926848

EFOCH DATE!
TIMES

INTEL ORRIT FROFAGATOR

YR
HR

79,
00

Mo
MN2

FOSITION COMFUTED?

s F23A5H049Y

Figure 3-3.

10.

nayY:
SEC:

i5.
00

EFOCH ELEMENTS ~ CARTESIAN INERTIAL (TOED

2.9872554880

3-6

~,01

"00

-+ 1065

Z
2n0T
4080,0307242044
s2277202074
4267.7114093685
22086034233
4438.5930510048
» 183864654831
4592,0030752429
01679849484
4727 .3376271365
214664335157
4844,0641541561
W 1247244945
4941 ,7234431986
+1023154704
5019.93142646027
WOT7FEQIREZ2
5078.,38046748479
JOESH3BO07 1S
5116.8417148546
JO330346258
S138.1637092752
SOOPT6051L78
SL133.2752632781
37504608
S111.1845865037
74059052
BL6B,97P4712390
~ s QA07 130653,
5006.82469331517
-, 0B37801114
4924,9725382131
162988

Example of Output Program



If output is sent to a disk file (e.g., ABC/1), this file can be written to the line
printer or terminal using the COPY program. That is,

>COPY ABC/1 LPTL#
>COPY ABC/1 CONO#
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SECTION 4 - ANALYSIS OF ORBIT PROPAGATOR

Section 4.1 and 4.2 describe the analysis performed on the IBM and Tektronix
systems, respectively. Results show that the models developed compare, for

synchronous orbits, with the Goddard Mission Analysis System (GMAS).
4.1 IBM 360 SIMULATIONS

The Intel orbit propogator described in this document was implemented in
FORTRAN on the M&DO IBM S/360-95 computer so that timing and accuracy
studies could be carried out against established orbit propagators. A switch
was included in the Intel propagator to allow runs to be made using the
Runge-Kutta integrator alone, or using the Adams-Moulton integrator after
the initial steps had been obtained from the Runge-Kutta. Two satellite orbits
were used in the study: a high altitude synchronous orbit for the TDRS satel-
lite, and a circular moderately low-altitude orbit representative of the SMM
satellite. The elements of these orbits are given in Table 4~1. Comparison
orbits were generated using the GMAS Cowell propagator with a 4-by-4 Earth
potential field. For the TDRS orbit, the effects of the Moon and the Sun were
included; whereas, for the SMM orbit, the Moon and the Sun were not included,
but the Harris- Priestef drag optidn Qaé tﬁrned on. The Cartesian true-of-
date elements at epoch resulting from these runs were used as input to the
Intél propagator model. Orbits were generated by the (360) Intel model using
both the Runge-Kutta and Adams-Moulton options, employing the same force
options as the GMAS run (4-by-4 Earth field, Moon-Sun for TDRS, drag for
SMM). The comparisons of these orbits with the results from the GMAS

Cowell integrator are given in Tables 4-2 and 4-3.



Table 4-1. Elements of Test Orbits
EPOCH
ELEMENTS
a 42166.75 KM 6933.740 KM
e 0.0004 0.001
i 7.0 DEG - 33.0 DEG
Q 240.0 DEG 270.0 DEG
w 60.0 DEG 90.0 DEG
m 349.0 DEG 0.0 DEG
EPOCH OCTOBER 15, 1979 OCTOBER 15, 1979
oM o™ oo uT o o™ oo uT
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4,1.1 Conclusions of IBM Simulations

The following general conclusions can be drawn based on the results of

Tables 4-2 and 4-3:

® The accuracy obtained with the Intel orbit propagator is a strong
function of the stepsize. In comparison, tests run with the GMAS

Cowel propagator which varied the stepsize through a considerable

range showed very little effect on the results for these two orbits.

® The optimum stepsize for both cases appears to be about 1/200 of
the orbital period. Longer stepsizes show a rapid decrease in
7 accuraéy, whereas shorter steps indicate that the point of dimin-

ishing returns has been reached.

. The Adams-Moulton integrator is usually less accurate than the
Runge-Kutta. At the optimum stepsize, this amounts to a factor
of 10 in Table 4~2, while nearly identical errors are obtained in
Table 4~3. Attempts to force the accuracy of the Adams-Moulton
to that of the Runge~-Kutta by lowering the stepsize results in the

diminishing returns noted above.

° At the optimuxh steiﬁsize, fhe Adams—Moulton integrator is about
three times faster than the Runge-Kutta integrator. It should be

noted that at the same stepsize in Table 4-2, the GMAS Cowell

integrator is faster than the Adams-Moulton. This is probably
due to the calculations involved in the Moon~-Sun routines compared
with the ephemeris file used by GMAS. The GMAS Cowell is, of

course, considerably larger.
4.2 INTEL PROGRAM EXECUTION RESULTS

A representative orbit propagation run (TDRS of IBM simulations) was per-

formed on a Tektronix 8002 microcomputer using an Intel 8080 chip. The same




input data was used for a run on an IBM S/360-95 using similar FORTRAN
code. The Intel program; whose input and output appears in Figures 3-1 and
3-2, used an Adams-Moulton integration procedure after a few initial points
were obtained from a 7Ru1.1ge-fKutta starter. Sun and Moon noncentral body

effects were included, and output appeared every second integration step.

The wall clock timing of the run was as follows: The first four to five lines

of data appeared after intervals of 1 minute or more each (Runge-‘Kub:a starter).
Soon, however, the computations began being printed at a regular interval of

40 to 45 seconds (Adams~-Moulton integrator). Because the printouts occurred
at every second point, the time of each step's computations was approximately
20 to 23 seconds. Because each step was equivalent to an orbit time of 430 sec~
onds, 1 day's data (86,400 seconds) required approximately 60 minutes of com-
putations. When the Sun and Moon computations were not added, the time

required for computation of a point was approximately halved.

The storage requirements of the orbit propagation system are approximately

6000 Hex words or 24K of memory, of which 20K could be put on Program-

" mable Read-Only Memory (PROM) and 4K would be the variable data Random

Access Memory (RAM) area. The current test configuration is all in RAM with

the program and constants going from 2000 (Hex) to 6024 (Hex) and the vari-

“ables being stored down from 1FFF (Hex) to 102E (Hex).

A comparison of Tektronix data with IBM simulated data has a very slight but

increasing difference in value for each point printed.

VThe difference after 1 day (86,400 seconds) is as follows:

Cartesian IBM , Delta
Coordinates Simulation Textronix (TEK-IBM)
X (km) 13025.5060 13025.4643 -0.042
Y (km) -39903. 4974 -39903. 5328 -0.035
Z (km) 3836.4665 3836.4635 -0.003
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|

Cartesian
Coordinates

XDOT (km/sec)
YDOT (km/sec)
ZDOT (km/sec)

|

IBM
Simulation

2.90705696
0.97318158399
0.2491992389

4-7

Textronix

2.90705713
0.973177478
0.2491995403

Delta
(TEK-IBM)
0.0000002
-0. 0000041
0.0000003



SECTION 5 - SYSTEM MAINTENANCE

All programs for the orbit propagation system are written in FORTRAN and
are stored as separate modules on Disk 1 (Section 5.2 desci‘ibes obtaininé thls
disk). The EDIT program should be used for maintenance and a /1 should be
used after every filename to denote Disk Drive 1. The system disk should be

in Disk Drive 0. The source code filenames are

BGNNG CoS GHAX
ABS ATAN2 LUNA
DMOD SPART ACCEL
SQRT SOL ORBIT
SIN DATE MAINDR

5.1 COMPILING AND TASKBUILDING

The FORTRAN compiler requires the set of routines that are to be linked to-
gether to be compiled from one large file. Hence, after editing a command
file, ORBG/1 must be requested before compiling the Orbit system. ORBG
copies each module into one large source file called ORB/1. (Actually it
generates and deletes three intermediate files because all the module names
can not fit on one line.) To request ORBG Drive 1, the following line should be

typed after the prompt:

= ORBG/1}
To compile the orbit system, command file may be used on the system disk,
FORTB, which compiles the source file ORB/1 into a file called ORBH/1. The

line to be typed is

= FORTB ORB/1 54



The 5 is merely one of five choices (1, 2, 3, 4, 5) of output as follows:

Not used
Object file (no source listing)
Not used

No object file (source listing)

O = W N =

Object file (source listing)

In FORTB, the source listing is output to CONO (console-teletype terminal).
The five output options apply to all command files for compiling. Some other
command files on the system disk are FORTC which generates object file
ALLH/1 and a source listing to CONO and FORTP, which generates object file
ALLH/1 and a source listing to LPT1 (line printer). By examining these com-
mand files through the use of the utility COPY, there should be little difficulty

inventing other useful command files as needed.

To execute ORBH (or any other program), a load-and-go command file is
needed. A useful one on the system disk is called FORTLGO. This file loads
the program requested, assigns output to the device named in the request (to
logical unit 2), and executes the program at its designated beginning. The be-
ginning of the program is known from the first lines of the source listing, which
are contained initially in file BGNNG/1. This states that the executable code
begins at 2000 (Hex) and increases in core. The variable data is in core from

IFFF (Hex) decreasing in core (see source listing). To run ORBH/1, the user
should type

2FORTLGO ORBH/1 LPT1 2000}

for output to the line printer. Output to the teletype would have CONO in place
of LPT1. Output to a disk file would require entry of a name (e.g., XYZ/1).
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In the source code of any FORTRAN program, four logical devices are available
for 1/0. Read (1) implies reading from logical Device 0 in the load-and-go-file
which should be CONI (cdnsole input). In the FORTRAN code write (1, format
statement number) implies writing to CONO. Writing to Device 2 is writing to
the device named in FORTLGO's argument list. Device 3 is the third argument
in a command file called FORTLG3. In all cases, the starting address is the

final argument.

In the command file, it should be noted that the $1 is where the first argument
goes, $2 the second, etc. Different combinations may be made as desired.
Command files may also be put on Disk Drive 1. The command files already

described will usually be enough for this system.

One problem occurs often enough to be mentioned herein. The disks often run
out of directory space long before they run out of disk space. Whenever a file

can't be created, a few deletions using DEL correct this difficulty.
5.2 CURRENT LOCATION OF SOFTWARE

In the microprocessor laboratory (Building 23, Room W-426) there is a binder
of four floppy disks containing all necessary files for the Orbit Processor sys-
tem. The first disk is the system disk normally used in Disk Drive 0. The
second disk is the current version of the Orbit program and is the one usually
used for execution and for program modification. The third disk is a backup
disk containing the most recent working version of the source. The fourth disk
contains the original source code obtained from the IBM S/360. To carefully
update the backup disk, the DUP command may be used following the technique

desecribed for DUP in Reference 5.



APPENDIX A - SOURCE CODE LISTINGS

This appendix contains source code listings for the Intel 8080 orbit propagatibn

program. The individual routines can be located as foHows:

MAIN A-2
DATE A-6
; GHAX A-T7
ORBIT A-8
ACCEL A-13
SPART A-16
SOL A=-20
- LUNA A-22
The following support routines are also given:

i ABS A-24

DMOD A-25

1 SQRT A-26

A SIN A=27
& COS A-28

ATAN?2 A-29




UTI FORT//80 COMPILER 3.26

S1FS C FURFPOSE
S1F5 C MAIN ROUTINE FOR SMALL OREIT FROFAGATOR
S1FS C
51F5 C METHODS .
51F5 C 1. INFUT DATA ,
51F5 € 2, CALCULATE MODIFIED JULIAN DATE AND GREENWICH HOUR
S1F5 C HOUR ANGLE AT EFOCH
51F5 C 3. CALL SUBROUTINE OREIT TO DO PROFAGATION
S1FS C 4, PRINT RESULTS '
51F5 C .
51F5 C USAGE:
51F5 C INFUT DATA
51F5 C
S1F5 C NAME TYPE DESCRIFTION
S1FS C ——— et utakatated bt
o S1FS €
S1FS C EPDATE R%4 EFOCH DATE -YR(793,MOC1-12),DAY(1-31)y
51FS C HOUR(0-23) y MIN(0~59) y SEC(0=59)
S1FS € EFELEM R%S EFOCH ELEMENTS - X»Y»ZsXDOT,YDOT»ZDOT
51FS C (KM AND KM/SEC)
. 51FS C TC R%8 TIME IN SEC UNTIL END OF FROFAGATION
S1F5 € oT R%8 INTEGRTION STEF SIZE
51FS € NMAX %2 MAX ZONALS (USUALLY 4)
51FS5 C MMAX 1%2 MAX TESSERALS (USUALLY 4)
‘”1 51FS5 € PRINT R%8 FRINT FREQUENCY OF INTERMEDIATE FRINTOUT
n S51FS € CONVG R¥8 CONVERGE FACTDR FOR ADAMS-MOULTON INTEGRATOR
; S1F5 € ITYF I%2 INTEGRATION METHOD
S1FS € =0» RUNGE-KUTTA
) 51FS C -=1y; ADAMS-MOULTON
X 51FS C “INC I%2 NON CENTRAL ROLIES
. 51F5 C . =0y NO NON~CENTRAL RODIES
51F5 C =1, INCLUDE SUN AND MOD N
51FS C
| S51F5 C SUBROUTINES CALLED? DATE,GHAX,OREIT
] S1F5 C
'S1FS C FROGRAMMER: G. SNYDER
51FS C MODIFIED FOR INTEL BY: C. RAEEIN
51F5 C
§ S1FS CCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCeCiCCLCooCCriCcoeeeeeceeeeeeeeeeee
g 51FS C
51F5 REAL%8 QA»QE,QC
. S1FS REAL £S(48)
g G135 EEalss D0, EJS0,Qu0
51F5 REALXS CONVG
51F5 REAL EFDATE(4)
- 51F5 REALX8 EFELEM(&)»FRELEM(6)
1 51F5 C
il 51F5 C
51F5 €5(1)=0.0
5201 CS(2)=-,1082650E~02
520F CS(3)=0,2545030E~05

G210 £8¢4)=0.,1671500E~-035




|

(.'l L'i Ui (4}

2
o)
2
-
2
2
2
“

29
36
44
44
5251
S525F
S526C
5274
a 288

296
5296
G244
S52R1
S52BE
S2CE
5208
S2ES
S52ES

S2F3

5301
G30E
531ER
5329
5336
G336
G344
5351
53GE
534C

5374

5388
2388
5396
G344
53R2
S3BF
33CC
5304
S30a
G3EB
G3F6
5403
5411
G41F
S42C
S42C
543A
5448
54546
463
5471
347E

CS(5)=0.2067210E-06
C5(6)=~,6400620E-06

€CS(7)=0,0E0
€8(8)=~,1326739E-08
€S5(?3=0,2161875E~05S

CS(10)=-,3082256E~04

€C5(11)=~,5141365E-07
C8(12)=-,827766E-07

CS(13)=~,54660824E-10
€5(14)=0,1566511E-05
C8(15)=0.3172142E-06
C8(163=0,77399465E-07
C5(17)=0,1036296E-06
CS(18)=0,5896425E~08

€5(19)=~,4285855E-09
C5(20)=~,1640388E-08
CS(21)=0,1025055E-06
C5(22)=0,5901404E-07
£S8(23)=-~,1328488E-07
€C5(24)=0,7567741E-09

C8(25)=-,17000467E-08
C8(R263=0,2791537E-09
CS(27)=0.63B6459E~08
£5(28)=-,3608512E-08
CS5(29)=~,2293934E-08
C8(30)=-,3686199E~-09

C5(31)=~,1250492E-09
£8(32)=-.8214169E-08
C5(33)=-,1275373E-07
C5(34)=0,1949036E-06
€8(35)=0,3295478BE~09
C8(36)=-,2108644E-09

C8(37)=~,4326744E~07
C8(28)=-,4916382E-07
C8(39)=0.,1515418E-06
£S(40)=~,2078203E-06
CS(41)=-,BB69932E-06
CS(42)=0,642958E~-11

C8(43)=~,2409753E~07
C8(44)=-,8496245E-07
CS(45)=-,4199042E-06
C5(46)=0,2971594E~06
C8(47)=-,1374344E~07
C5(48)=0.0E0



S47E 1 WRITE (1,3434)
5484 3434 FORMAT (/OINFUT 3 NUMBERS FOR THE DATE (EFDATE(L-:3))37,//)
y

5484 3436 FORMAT (/OINFUT 3 NUMEERS FOR THE TIME (EFDATE(4-38))1‘s//)
5484 READ (1) QAA»QEEsQCC
S4AD EFDATE (1)=0AA
S4E9 EPDATE (2)=QBE
54C6 EFDATE (3)=QCC
5403 €
5403 WRITE (1,3436)
5409 REAL (1) QAA»QEB»QCC
5502 EFDATE (4)=0AA
550E EFDATE (5)=QEE
5518 EFDATE (6)=0CC
{ 5528, . WRITE (1,343%5)
§ S5S2E 3435 FORMAT (/OINFUT THE 3 FOS. COORDINATES (EFELEM(1-33))%7s//)
552E 3437 FORMAT (‘OINFUT THE 3 VEL. COORDINATES (EPELEM(4~36))%¢s//)
552E READ (1) GA»GE,QC  °
- 5557 © EPELEM(1)=0A
1 5563 EFELEM(2)=0B
5570 EFELEM(3)=0C
5570 CWRITE (1,3437)
. 5583 READ (1) RA»QBsQC
} 5SAC EFELEM(4)=0A
) 55E8 EFELEM(S)=0F
55C5 EFELEM(&)=0C
5502 C :
- 5502 WRITE (1+4436)
5508 4436 FORMAT (/OINPUT!  TCsDTs,PRINT:’»//)
5508 READ (1) TC»DTsPRINT
5601 C
; 5601 WRITE (174437)
§ 5606 4437 FORMAT (/OINFUT: TITYF:NMAXsMMAXs INC»CONVGS’»//)
5606 READ (1) ITYFsNMAX»MMAXs INC y CONVG
5631 C
5631 WRITE (2,2401)
j 5436 2401 FORMAT (/0,20X,’INTEL OREBIT FROFAGATOR’»//)
. 5636 WRITE (2,2402) (EFDATE(I),I=1,3)
564F 2402 FORMAT (‘OEFOCH DATE:’»5Xs /YRS “sF6.0v/ MO! *sF6.09
5464B £ 7 DAY “»F6.0)
564B WRITE (2,2403) (EFDATECI)»I=4,6)
5660 2403 FORMAT (7Xs TIMES “»S5Xs’HR: ‘+F6.0v’ MNI “+F6.0»
5660 $ ¢ SECI “+Fb6,0)
5660 WRITE (2,2404)
5665 2404 FORMAT (/-EFOCH ELEMENTS ~ CARTESIAN INERTIAL (TOE))
5665 WRITE (2r2405)
566A 2405 FORMAT (‘OFDSITION COMFUTED: )
566A WRITE (2,2475) EFELEM(1)
547C 2475 FORMAT (5X» X »10XrF15.6s/ KM’)
567C WRITE (2,2476) EFELEM(2)
i S48E 2476 FORMAT (SX»/Y’s10XsF15.6s/ KM‘)
568E WRITE (2y2477) EPELEM(3)

S6A0 2477 FORMAT (SXs’Z/210XsF15.697 KM)




S56A0
S56A5
S6AS
S56R7
5609
S6LE
S60B
S6DER
S6LE
60K
S60E
S60B
S6nR
571C
5751
5774
377F
578F
578F
S79E
S79E
S579E
HB79E
S579E
S7A3
5743
G748
5748
574D
H7A0
5783
H7F6
5862
5862
5862
5862
5848
5868
5868
5870
5870
5873

2406

3477
2478
2479

o000

2408

c
c
c

2010

WRITE (2+2406)

FORMAT (/-VELOCITY COMFONENTS - )
WRITE (2,3477) EFELEM(4)

WRITE (2,2478) EPELEM(S)

WRITE (2,2479) EFELEM(6)

FORMAT (5Xs "XDOT’ »7X+F18,10s7 KM/SEC’)
FORMAT (5X»’YLOOT’+7X,F18.10s’ KM/SEC’)
FORMAT (SXy ZDOT »7X,F18.10»7 KM/SEC’)

-BET EFOCH JULIAN DATE (MODIFIED -2400000.0) EJO-EFHEMERIS
ANDI CORRESFONDING GHA

CALL DATE(EFDATE(1),EPDATE(2)EFDATE(3) yEPDATE(4) »EPDATE(S) »
X EFDATE(46)»DJO,EJO)

CALL GHAX(LiJO»GHA)

QJ0=0J0+2400000, [0

WRITE (2,2408) QJO -
FORMAT (‘QEFOCH JULIAN DATES!»5Xs F19.100

WRITE (2:2409) GHA

FORMAT (‘OEFOCH GHA!/»SX»F17.10)

FROPAGATE OREBIT

WRITE (2,2410)

FORMAT (/OTIME FROM’,10X, INERTIAL FOS. AND VEL. COORD.(KM)?’)
WRITE (2,24110)

FORMAT (’ EFOCH IN SEC!/»211X»’"X’s20Xs Y »20X»’2Z")
WRITE (2,2412)

FORMAT (20X, “XDOT /s 17Xy 'YDOT » 17Xy "Z0OT " y /)

IDFLAG=0 .

‘CALL ORBIT(EJO»GHADT»TC,EFELEMs FRELEMsFRINT » CONVG» ITYF» IDFLAG,
X NMAX » MMAX» INC-LS)

FRINTOUT RESULTS
WRITE(Z2,2010)

FORMAT (1HO)
GO TO 1

999 WRITE(1,1000)
1000 FORMAT ( ‘ONORMAL END --ALL INPUT FROCESSED’)
1001 STOF

Eilf

FROGRAM STORAGE: 2534

VARIABLE STORAGE: 0408



UTI FORT//80 COMFILER 3.286

300C
300C
300C
300C
3000

FROGRAM NAME
DATE

FURFOSE
TO CONVERT A CALENDIAR DATE 7O ITS MODIFIED JULIAN DATE
IN BOTH ET AND UT TIME (JULIAN DATE-2400000)

[
5
c
[
c
300C C
300C € CALLING SEGUENCE
300C C CaLl DATE(Y»XM»DyHR» TM»SECDJOEJO)
300C C ’
300C C Y —~YEAR(GREGORIAN) XM —MONTH D - DAY
. 300C C HR~ HOUR TH —-MINUTE SEC — SECONI
300C C DJ0 - UT MODRIFIED JULIAN DATE
300C € EJO ~ ET MODRIFIED JULIAN DATE
300C C :
300C SUBROUTINE DATE(YsXMy»LiI»HR» TM»SEC,DJOEJO)
. 300C REAL X8 [JO,EJD '
300C REALX8 FRsDJUL
300C REALX8 ZKsZ15225,Z3»X1,Y1
300C €
s 300C I=Y+1900.5
r 301A J=XH40.5
3028 K=[+0.5
3036 ZRK=K
_ 3040 FR=((HR-12,0)%3600.04+TMX60.+8EC)>/86400.0
) J05F Z1=14+4800+(J-14)/12
. 307F Z1=1461.%21
- 3084 Li=Z1/1000.,
3093 Yi={1
309F Y1=Y1%X1000.
J0AA Li=Z1-Y1
{01 :11 Xi=L1/4
30CH Zi=X1+Y1/4.
30DS €
3005 22=J-2-(J=14)/12%12
oA 3100 22=367 . K22
J10R Li=Z2/3000,
3116 Yi=L1
3120 Yi=Y1%3000,
3128 L1=Z2-Y1
- 3134 Xi=L1/12
3147 22=X1+Y1/12,
3156 C
3156 Z3=3k((1+4900+(J~14,/123/1003/4
318a C
3184 DJUL=ZK-32073,+Z1+Z2~Z3~2, 43114
LS 31AS DJO=DJUL+FR+3.,0D4
31R4 EJO=0J0+(328,66+2,59210-03X (1J0~4,004) 3 /5540040
i Z1CF RETURN
3101 END

FROGRAM STORAGE! 0453
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3101
3101
3101
3101
3101
3101
3101
3101
3101
3iD1
3101
3101
3101
3101
3101
3i01
3101
3101
310F
31E6
31F0
31FF
3212
3210
3231
32685

3257

c
c
c
c
C
c
c
C
c
c
c
c
c
c

FROGRAM NAME

GHAX
FURFOSE

COMFUTES GHA AT EFQCH(TIME DJO)
CALLING SERUENCE

CALL GHAX(DJO,GHA)

pJO - MODIFIED JULIAN DATE OF EFOCH
GHA -~ GHA AT EFOCH IN RADIANS

ROUTINES CALLED
NONE

SUBROUTINE GHaX(DJ0O,»GHA)
REALX8 D.J0,CE,CEEsFRAC»OMEGA s GHX» GHA

i

CE=DJ0-33282,.500

JCE=CE

CEE=JCE

FRAC=(CE-CEE)%86400,0L0
OMEGA=4,17807420-03/(1,000+5,21D~13%CEE)
GHX=100,075354200+( ,9856473500+2, 9201501 3%CEE) XCEE+
¥ OMEGAXFRAC
GHA=DMOD(GHX» 360.000) /57 ,29577935120810
RETURN

END

PROGRAM STORAGE! 0134

VARIABLE STORAGE: 0066
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4301 PROGRAM NAME

c
43D1 C OREIT
4301 C FURFOSE . -
4301 C NUMERICALLY INTEGRATE THE ORBITAL EQUATIONS OF MOTION TO
4301 C TIME TC. . .
4301 € THE INTEGRATION IS FERFORMED USING A FIXED-STEP,FOURTH-ORDER»
4301 C RUNGE-KUTTA INTEGRATOR WITH MODIFIED FEHLBERG COEFFICIENTS
4301 € RKT 2¢(4)
4301 € AT USER OFTIONs AFTER THE 6TH STEF IS TAKEN THE FROGRAM WILL
4301 C SWITCH TO A "46TH ORDER ADAMS-MOULTON PREDICTOR/CORRECTOR
4301 C
‘ 4301 C CALLING SEQUENCE
4301 C© . CalL ORBIT(EJO»GHA»DT»TC>EPELEMy PRELEM/PRINT»CONVG» ITYF» IDFLAGY
43p1 C NHMAX » MMAX)
4301 C
P 4301 C EJO - MODIFIED JULIAN DATE
4301 C GHA - GHA AT EFPOCH (RADIANS)
4301 C DT - STEP SIZE (SEC) ALWAYS FOSITIVE .
4301 € TC - LENGTH OFF PROFAGATION (SEC.) PLUS OR MINUS DEFENDING ON DIR.
. 4301 C EFELEM(4) — EFOCH CARTESIAN ELEMENTS
s 4301 C FRELEM(&) -~ PREDICTED CARTESIAN ELEMENTS
4201 C FRINT - PRINT INTERVAL (MUST BE INTEGER MULTIFLE OF STEFSIZE)
4301 C CONVG —~ CONVERGENCE TOLERANCE FOR A-M CORRECTOR
» 4301 C ITYF - TYFE OF INTEGRATOR = O RUNGE-KUTTA» = 1 ADAMS-MOULTON
) 4301 C NMAX ~ ORDER OF ZONALS
43p1 C MHMAX - ORDER OF TESERALS
4301 C INC - NON~-CENTRAL RODIES FLAG. = 1, INCLUDE SUN aNI' MOON
43D1 C
4301 C ROUTINES CALLED EY OREIT
4301 C ACCEL
4301 €
4301 © ROUTINE CALLING ORBITS
4301 C© MAIN DRIVER
4301 ©
4201 C PROGRAMMER: G. SNYDER
4301 C MODIFIED FOR INTEL RY$ C. RABERIN
4301 C )
4301 CCCCCCCCCCoCCcCorecooeocecooceoctoccocecoocooecoorecoccecocoeeccecococeocececocececocece
4301 C
o 43201 SUBROUTINE ORRIT (EJO,GHATT»TCsEFELEM, FRELEMy FRINT »CONVG,
4201 X ITYP, IDFLAGy NMAX » MMAX» INC,CS3)
43p1 €
43011 REAL CS(48)
4301 REAL %8 EJO>C1iXy»TERRORyCONVG
4301 REAL %8 EFELEM(&)»FRELEM(4)
& 4301 REAL%4 COyCF172CP2GsCFPS,CPE7,C1:020M2
4301 REALXB XC(2)»XCOOT(I) » XCDROT (3 » X(3)» XDOT (33 »
4301 X XDDOTC3) sFOC(BI1FL(E) s FR(E)I1F3(6
4301 REALXB AMO(3) »AM1(3) +AM2(3) yAM3(3) » UL (3 2 UMR( 3 # VMI(3) »
4301 X FUL3) »FR(3) yERROR(3)
43011 REAL*8 AMA4(3)»AMS(I)»UMA(3) »UME(3)
4301 REALX8 XDONC(3)»DFD




4301 REALX8 TDSO»TT»T
43p1 C
4301 C START FPROGRAM (INITIALIZATION)
43p1 €
43p1 C
43D1 NQ39=1
4307 DPD=(DT/FRINT) /10,00
43E9 C0=0.0
43F0 CP17=1,666467E-01
43F7 . CP25=0,25
4A3FE CPS5=0.5
4405 CP67=6.666667E-01
440C C1=1.0
o 4413 €2=2.0
l 4414 CM2=-2,0
| 4422 ¢
4422 DOT=TC
. 4429 T=C0
4430 C1X=DT
4437 ISTEP =
- 443E DO 10 I=1,3
4442 X(I)=EPELEM(I)
*1 4459 XDOT (1)=EPELEM(I+3)
4475 XC(I)=X(I) :
448C XCIOT(I)=XDOT(I)
44A3 10 CONTINUE
oy 44E4 C
' 44B4 C DETERMINE STEPSIZE TO BE USED
4484 C
44R4 20 IF(DOT.LE.LT) GO TO 25
44C2 - H=DT
a4ace DOT=D0T-H
4407 IF (ITYF .EQ., 0) GO TO 30
- 44E4 IF (ISTEF ,GE. &) GO TO 200
44F0 GO TO 30
44F3 25 H=DDT
~ 44FD DBT=0.0
= 4504 C :
4504 C RUNGE-KUTTA INTEGRATOR
4504 C INTEGRATE OVER THE STEFSIZE (H)
; 4504 C
- 4504 30 CONTINUE
4505 TOS0=T
4A50F CALL ACCEL(TEDS0yX»sXDOT s XIDOT s EJOrGHAy IDFLAG » NHAX s MHAX » INC, CS)
4584 [0 40 I=1:3
4591 FO(I)=XDDT(I)
45A7 FO(I+3)=XIDOT(I)
4502 40 CONTINUE
4503 ¢
,,,,, 4503 TT=T+CF25%H
& 4SES D=CF25%H
45F0 [0 S0 I=1,3




45F7
461C
4646
44657
4661
46LC
46E3
44F9
4714
4725
4725
4737
473E
4749
4750
4784
47C1
4702

470C -

4857
ASSE
4874
488F
4BA0
4840
ABE2
48R
48C8
4803
48LA
4BE4
4927
A96B
497C
4986
4A01
4A08
AALE
4A39
4444
4A4A
4444
4A44
4A58
4ASF
4064
4475
4A7C
4486
4ADB
AE2B
AB3C

60

70

80

%0

100

o000

110

XC(I)=DxFOCI)+X(I)

XCDOT(I)=D%xFO(I+3)+XDOT(I)

CONTINUE

TLSO=TT

CALL ACCEL(TDSO,»XCyXCDOT»XCODOT»EJO»GHA» IDFLAC » NMAXy MMAX s INC,CS)
0o 60 I=1,3

CF1(I)=XCDOT(I)

FL(I+3)=XCDDpOT(I)
CONTINUE

TT=T+CPS%H

=0,0

D1=CFPS%H

0o 70 1=1,3

XC(TI)=DkFOC(ID+D1XF1(I)+X(I)
XCROT(I)=DXFO(I+3)+D1kF1(I+3>+XDOT(I)

CONTINUE

TOSO=TT N
CALL ACCEL(TDSO»XC»XCDOTXCDDOT»EJO»GHA» IDFLAG s NMAX s MMAX» INC,CS)
00 80 I1=1,3

F2(I)=XCNOT(I)

F2(I+3)=XCODOT(I)

CONTINUE

TT=T+C1%H

D=C1%H

Di=CM2%H

n2=C2%H

0o 20 1=1,3

J=I+3

XCAD)=DRkFOCII+D1IkFL(II+L2KF2(I)+X(1)
XCOOTC(I)=DXFOC(JY+D1XFL(J)+D2¥F2(JX+XDOT(I)
CONTINUE

TOSC=TT

CALL ACCEL(TDSO0»XCs»XCHOT, XCLDOTSEJO,GHA» IDFLAG NMAXy MMAXy INC,CS)
DO 100 I=1,3

FI(I)=XCnat(I)

F3(I+3)=XCDDOT(I)

CONTINUE

COMFUTE OREBRITAL STATE AT TIME T+H

D=CFP17%H

N1=0.0

D2=CP&67%H

D23=CP17%H

00 110 I=1,3

J=I+3

XCCI)=D1XFL1(I)+DRKFOCIIFD3KFIC(II+D2%F2(TI+X(I)
XCOOT(Id)=D1¥F1 () +DRFOCIIFDITHFI LD H+I2KF2( I +XT0OT(I)
CONTINUE

GO TO 400
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4B3F
4B3F
AB3F
4B3F
AER45
4B67
4E?4
4ARBE9?
4RpC
4C09
A4C2E
AC3F
AC3F

AC3F.

4C3F
4C49
4CS7
4CD2
4CD2
4ACD2
ACn2
4CN9
4052
4059
4L7A
48K
4091

4DE3 -

4001
4E05
4E28
4E446
4E7A
4E9C
4ER3
4ECA
4EDR
4EF9
4F 2A
4F47
4F51
4FSD
4F &0
AF &40
4F 460
4F 60
AF 40
4F 6E
4F7C
4F83
4F 29
4FRO

aooon

aoon

anOn

oo

200

210

260

400

ADAMS-BASHFORTH FREDICTOR

0o 210 1=1,3
FUCT)=XDOT(I)+C1X%k{(2,970138888900XAMO(I)~-5.85020833333N0%aM1(1)
#+6,9231944444400XAM2(I)~5,06805555S600%AM3 (1) +1 . 9979166447 N0%AMA (1)
¥ - 3.29861111110-1%AMG(I))
PROII=X(I)+C1Xk(2,9701388889D0XXD0T(I)~-5,.502083333300%XVM1(1)
X+64931244444400%VUM2(13~5,0680T55086N0XVHI(1)+1,997918665667D0%VMA (1)
X - 3.29861111110~-1%VMS(T1))

CONTINUE

COMFUTE NON-CENTRAL FORCES
IFLG IDFLAG + 4

TDSO T+H . .
CALL ACCEL(TISO»FReFVsXDDNC,EJO»GHA» IFLG» NMAX s MMAX» INC»CS )

ADAMS-MOULTON CORRECTOR

ICOUNT = 0

CALL ACCELA(TDSOsFRsFPU»XCDDOTEJOsGHA Y 3y NMAX» MMAX» INC,CS)
D0 251 I=1.3

XCDDOT(I) = XCRDOTC(I) + XDDNCC(I)D

CONTINUE

D0 260 I=1,3
XCOOT(IY=XDOT(I)4+C1Xk(3.,29861111110~-1%XCODOT(I)+9.9209722222211~1
# XAMO(I)-5.5416666667D-1%AM1(1)+3,34722222220~1%AM2(1)

£ ] ~1.2013888888I-1XaM3(I)+ 1.873D-2%AM4(1))
XC(D)=X(I)+C1X¥(3,.2986111111D-1%¥XCROT(I1)+2.90972222220~-1XX0OT(I)
# ~ 5+54166666670~14kYML(I) + 3.34722222220-1%VM2(I)
# -1,2013888888BL~-1%VM3(I) + 1.8730-2%VHM4(1))
ERROR(I)> = XC(I) - FR(I)

FUCI) = XCDOT(I)

FR(I} = XC(I)

CONTINUE

TERROR = SQRT(ERROR(1)XERROR(1) + ERROR(2)XERROR(2)
X + ERROR(3)Y%XERROR(3))

IF (ABRS(TERROR) .LE. CONVG} GO TO 400

ICOUNT = ICOUNT + 1

IF (ICOUNT .LT.10) GO TO 250

GO TO 900

CHECK TO SEE IF INTEGRATION IS COMFLETE

CONTINUE

IF(pDT.EQ.0.0) GO TO 500
T=T+H

[0 420 I=1,3
XDROT(I)=XCOnoT(I)

X(I> = XC(I)

AMS(I) = AMA(ID
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4FC?7 AMA(D)

= AM3C(I)

AFDE AM3(I) = AM2(I)

AFFS AM2(I) = AMI(D)

500C AM1(I) = AMOC(I)

5023 AMOCI) = XDDOT(I)

5034 UMS(I) = UMaclI)

5051 UMA(I) = VUM3(I)

5068 UM3(I) = UM2(I)

‘S07F UM2(I) = UMI(I)

5096 CVMICI) = XDOT(I)

S0AD XBOT(I)=XCOOT(I)

50C4 420 CONTINUE

5005 TMOD = T / FPRINT

S50E3 IMOD=TMOD

S0EA ZMOD=1IM0D

50F 4 XMOD=THOD-ZHOD

SOFF IF (XMOD.NE.O.OLO) GO TO 555
,,,, 510A WRITE (2:2412) NQIPsTeX(1)sX(2)pX(3)
e 5146 WRITE (2:3412) XDOT(1)»XLOT(2)»XDOT(3)

5172 2412 FORMAT (1H »I3s’) “9sF10.1+2X,F18.10,2X»F18.10,2X,F18,10)
%172 3412 FORMAT (11XsF18.10s2X»F18.102X,F18.10)

$172 NQ3?=NQI?+1

e 5170 388 ISTEP=ISTEF+1

¢ 5186 GO0 TO 20

. 5189 900 DO 505 I=1,3
S18F FRELEM(I)=XC(I)

- S1A7 FRELEM(I+3)=XCOOT(I)

; 51C4. 505 CONTINUE

105 GO TO 999
5108 € :
5108 C .ERROR - ADAMS-MOULTON DID NOT CONVERGE
S1ip8 C
9108 900 WRITE (2,1000) TERROR,T
S1F1 GO TO 400
G51F 4 999 CONTINUE
G1iF4 RETURN
51F5 1000 FORMAT (‘ ADAMS-MOULTON FREDICTOR/CORRECTOR ID'ID NOT CONVERGE.
S1FS X s/’ ERROR= ‘ »1XsF12.6+7 T= ‘»F14.6)
S1FS ENIY

2 FROGRAM STORAGE: 3754

VARIABLE STDRAGE! 0888
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FROGRAM NAME
ACCEL

FURFOSE : :
COMFUTE THE SFACECRAFT ACCELERATIONS DUE TO THE EARTH
FOTENTIAL (J25J3,44).

CALLING SEQUENCE
CALL ACCEL(TT,X,»XDOTsXIDOTEJO»GHAr IIFLAG» NMAX > MMAX)

TT - TIME INTO PROFAGATION (SEC)

X(2) ~ FOSITION (KM>

XOOT(3) = VELOCITY (KM/SEC)

XEBDOT(2y - ACCELERATION (KM/SECX%X2)

£J0 ~ MOLIFIEDR JULIAN DATE OF EFOQOCH

GHA - GHA AT EFOCH (RADIANS)

IDFLAG FROCESS FLAG

0r COMFUTE FULL ACCELERATION WITHQUT DRAG

1, COMPUTE FULL ACCELERATION WITH DRAG (NOT AFPLLTABLE)
3, COMFUTE CENTRAL FORCE ONLY

4y COMFUTE NON-CENTRAL FDRCES WITHOUT DRAG

= S,y COMFUTE NON-CENTRAL FORCES WITH DRAG (NOT AFFPLICABLE)
NMAX - ORDER OF ZONALS

MMAX - ORIER OF TESSERALS

INC NON~CENTRAL BROLIES FLAG

Or NO NON-CENTRAL BRODIES

1y INCLUDE SUN & HMOON

OGO OG o0

gl

LI TR T T

L I

OOoOGGoOOOOOOO0OO 0T

SUBROUTINE ACCEL(TT XD XLOTD» XLDOTDEJO,GHA» IDFLAGy NMAXy MMAX » INC»
¥ C®)

REAL CE(48)

REAL¥E EJO»TTXyTWOPI,ROTER,GHAC,GHAM ALAM, TT»RASAT »GHA
REALXE UsR.CONET

REALXB AL1,AL11,EJT»XMAGZ» XMAGI » XMAG4 s XMAGS

KO3y » XLOTO(3) s XUDOTRN( 3D

3 AGMIO(E) > AZN(3)

REALXE X(Z) s XDOT(I) » AZONAL(3)

REALES AMCLD(I)

REALXE FOSM(Z),»FOSS(3)sRHOL1(3)»RHO2(3?

REALXE XisY1,21

i

U=378600,8L0
ROTER=7,29211359D-5
TWORI=6,283183530717938647692010

. A-13



OO0

(4}

101

]

COMFUTE "ACCELERATION DUE TO FOINT-MASS GRAVIATIONAL FORCE

B0 5 I=1,3
AGHMDC(I) = 0.0D0

AZONAL(I) = 0.0D0

ANCI(I) = 0.0D0

X(Iy=XDO{I)

ADOTCD)=XIOTOC(I)

CONTINUE

IF (IDFLAG .GT. 3) GO TD 11

R = SRRT(XDC1IAXD(L) + XD(2YkXD(2) + XD(ZIRXDCI))
CONST=-U/ (R¥RXR)

0o 10 I1=1,3

AGHMID(I) = CONST % XI(I)

CONTINUE

IF (IDFLAG JEQ.
IF (INC .EQ.

3) GO TO 15
0) GO TO 105

LOCATE FOSITION OF MOON

TTX TT

EJT EJO + (TTX/86400.010) + 2400000.00
X1=F0OSM(1)

Y1=FOSHM(2)

Z1=FOBM(3)

Call LUNACEJT»X1rY1,Z1sAL1)
FOSM(L1)=X1 -

POSH(2)=Y1

FOBM(3)=21

ALLL = 2843%99.0600 / (1.00 + ALl)
L0 101 I=1,3 :

FOSM(I) = FOSM(I) x ALl

CONTINUE

[ 1]

LOCATE FOSITION OF SUN
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Xi=pPOG3(L)

Y1=r058(2)

Z1=F088(3)

CALL SOL(EJTs»X1sY1,Z1»AL1)

F258(1)=X1

FOB8(2)=Y1

FOSS(3)=2Z1

AlLil = 0.1495978710409 / (1.00 + AL1)

D0 102 1I=1,3

FOSS(IY» = POSS(I) % AL1ll
102 CONTINUE

~

i
c AN 3RD EODY ACCELERATIONS
00 103 I=1,3
RHO1(I) = FOSM(I) -~ XD(I)
RHOZ(I) = FOSS(I) - XI(I)
103 CONTINUE
XMAGZ = FOSM(1)XFOSM(1) + FOSM(2)XPOSM(2) +
¥ FOSHM(3)XFOSMC3I)
AHAL2=SRRT (XMAG2)
AMAG2=XMAG2AXMAG2XXMAG2
XMAG3 = FOSS(1)YRFOSS(1) + FOSS(2)XFOSS(2) +
& FOSS(3)%F0SS(I)
XMAGZ=3RRT (XMAGZ)
XHAGI=XHAGIRXMAGIXXMAGS
XMAGA = RHO1CL)YXRHO1C(1) + RHOL1(2)XRHOL1(2) +
# RHOL(3)%RHO1(3)
AMAGAI=SORT (XMAG4)
XMAG4=XMAGAXXMAGIKXMAGS
XMAGS = RHOZ2(1)&KRHO2(1) + RHO2(2)XRHO2¢2) +
# RHOZ(3)YRRHOZ(3) -
AMAGS=SART (XMAGS) v
AMAGS=XMABSXXMAGSKXMAGS
00 1064 I=1.3
ANCD(I) = 4902,77800 % (RHO1(I)/XMAG4 - FOSM(I)/XMAG2)
ANCD(I) = 122715445.03 % (RHO2(I)/XMAGS - FOSS(I)/XMAGB3) + ANCD(I)
- 104 CONTINUE
105 CONTINUE ,
IF (TT.NE.0.,OI0) GO TO 444

c
C COMFUTE ACLCELERATICON DUE TO EARTH GEOFOTENTIAL FIELD
c
4

444 RASAT=ATANZ2(X{(2) s X{1))
GHAM=GHA+ (ROTERXTT)
GHAC=DMOD (GHAM s TWOFTI)
ALAH=RASAT-GHAL |
CALL SPARTIALAM X NMAX s MMAXrAZONAL 2 L£8)
IF (TTWNE.O.ODQ) GO TO 44%

C COMRINE ACCELERATIONS

445 CONTINUE
18 DO 20 I=1,3
SZUCI)=AZONALL{I)
20 XLROTRCIY = ACGMDCI) + AZLC(I)Y + ANCDRCI)
RETURN
ErD
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2652 SUBROUTINE SFART(ALAM»FRNMAX» MMAX X C5)
2652 C :
2652 C FURFOSE
2652 C COMPUTE NON~SFHERICAL ACCELERATIONS(EARTH) UF TO 6Xé6 FIELD
2682 C
2652 € CALLING SEQUENCE
2652 C )
2652 C NAME I/0 . DESCRIFPTION
2652 € ’
. 2652 C  ALAM I GEOCENTRIC LONGITULDE OF SPACECRAFT
2652 € PR I INERTIAL COORLDINATES OF S/C IN TOD SYSTEM
2652 € NMAX I N INDEX FOR THE HARMONIC COEFFICIENTS
26852 C MMAX I M INDEX FOR THE HARMONIC COEFFICIENTS
2652 € DX 0 RESULTANT ACCELERATION VECTOR IN TOD SYSTEM
2652 C
2652 C
2682 €
2652 REAL CS5(48)> SINLAM(Z)»
. 2652 # COSLAM(7) s PMN(48) sy TFSIM(?7)
. 2652 REALX¥8 RSQ»XYSQ
26352 REALXS8 ALAMsPR(3)yL[X(3)
2452 C
~ 2652 C
. 2652 C
. 2652 AE=6378.,14
2650 TGM=398600.8
2663 ng 211 I=1,48
266A FMN(I)=0,0
267C 211 CONTINUE
2680 C
2680 C
2680 C
2480 C INITIALIZE SUMATION ARRAYS
2480 C
2680 INDEX2 = NMAX
2493 INDEX4 = MMAX + 2
2690 INDEXS = MMAX + 1
2647 C
h 26A7 C SINE» COSINE AND TAMGENT OF LATITUDE
26A7 C
26A7 XYSQ = PRO1IKFR(L) + PR(2)XFPR(2)
el 111 RTXYSA = SQRT(XYSQA)
R26EE RSQA = XYSA + FR(ZIXFR(3)
270R R=8SQRT (RSQ)
) 2724 SINP = FR(3)/R
2736 COSF = RTXYSQ/R
2741 TANF = SINF/COSF
274C RINV = AE/R
2757 C
- 2757 C FOLYNOMIAL TERMS
2757 €
2757 PMN(1) = SINF
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s

2764 FMN(2) = COSF

2771 CP3 = 3,XCOSF
277¢C FHN(9) = 1.SKSINFXSINF — .S
2795 FMN(10) = CF3XSINF
2706 FMN(11) = CF3XCOSF
2787 C
2787 TFSIM(1) = 0,
27C4 TFSIN(2) = TANF
2701 TPSIM(3) = 2, KTANF
27E2 C ~
2762 C SINES, COSINES OF LONGITUDE
27E2 C
. 27E2 SINLAM(1) = 0.0
i 27EF COSLAM(1) = 1.0
1 27FC SINLAM(2)=SINCALAM)
2818 COSLAM(2) =COS(ALAM)
2834 CL2 = 2,¥COSLAM(2)
& 284C SINLAM(3)=CL2KSINLAM(2)
] 2860 COSLAM(3) = CL2XCOSLAM(2) - 1,
i 2878 €
2878 D0 120 N=3, INDEX2
- 2885 F1 = N
‘ 288F F2 = F1-1,0
2894 F3 = 2.%F1 - 1.
2849 F4 = F3XCOSF
- 28B4 N1 = N-1
| 28BF N2 = N-2
1 28C9 €
28C9 C ZONAL HARMONICS (M=0)
28C9 €
28C9 NAL=NXG-7
2809 NAZ=N1K8~7
28E9 NAZ=N2K8-7
28F9 FMN(NAL) = (FIASINPAPHMN(NAZ) - F2XFMN(NA3Z))/F1
2920 NX=N ‘
2934 IF (INDEX4,LT.N) NX=INDEX4
2948 C
2948 C TESSERALS (M LESS THAN N)
2948 C
) 2948 D0 110 M=2,NX
. 2954 NAL=NXB-B+H
2969 NAZ=N2ZAB-B+H
297E NAZ=N1K8~8+H~1
2997 - PMN(NAL) = PMN(NA2) + FAXFMN(NAZ)
29BB 110 CONTINUE
29CF IF(NX.LT.N) GO TO 120
290D NNL = N + 1
29E7 €
29E7 C SECTORIAL (M=N)
29E7 C
29E7 NAL=NKB-B+NN1
29FC NAZ=N1X8-8+N
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2411 FMN(NAL1) = FAXPMN(NAZ)

2424 TPSIM(NNL) = TPSIM(N) + TANF
2A44 SINLAM(NNL) = CL2XSINLAM(N) - SINLAM(NI1)
2469 COSLAM(NN1) = CL2KCOSLAM(N) - COSLAM(N1)
248E 120 CONTINUE
242 C
2642 C INITIALIZE SUMATIONS FOR FARTIALS
2AA2 C :
2442 PS = 0. )
2AAC . PLAMDA = 0,
2AE3 FPSI = 0,
2ABA FNi = 2,
2AC1 RN = RINV
& 2AC8 €
I 24C8 C SUMMATION FOR PARTIALS
b 24C8 C
2AC8 [0 250 NC=2y INDEX2
- 2405 NS = 7 = NC
‘] 2AE3 RN = RN¥RINV
2AF1 FN1 = FNL + 1.
2aFC DLAMDA = O,
; 2R03 C
. 2E03 Fi = CS(NC)
‘ 2E12 NA1=NCX8-7
2B23 DR = F1kPMN(NAL)
B34 DPSI = FLAPMN(NAL+1)
- 2E4A IF (INDEX4.EQ.2) GO TO 210
2857 FM = 1.,
. 2R61 INDEX=NC+1
2R4C " IF (INDEXS.LT.NC+1) INDEX=INDEXS
B84 DO 200 MC=2, INDEX
2B90 MS = 10 - MC
2H9E NAL=NCKE~B+MC
2BE3 F1 = FMN(NA1)
2ECO NAL=MCk6~6+NC
2BD6 C1 = CS(NA1)
2BE4 NA1=MSK6~6+NS
2BFA 81 = CS(NAL)
2C08 C _
2008 DLAMDA = DLAMDA + FMAP1K(S1XCOSLAM(MC) - C1XSINLAM(MC))
‘ 2035 F1 = CIXCOSLAM(ME) + SIXKSINLAMMC)
= 2056 C
2056 DR = DR + F1¥P1
2065 € -
; 2065 NA1=NCKE-~B+MC+H1
i 2C7F DFSI = DFST + FLK(FMN(NAL) ~ TPSIM(MC)*F1)
 2CA3 FM = FM + 1.
. 2CAE 200 CONTINUE .
| 20C2 FLAMDG = FLAMDA + DLAMDA&KRM
2004 C ‘
2C04 210 PS=PS+DRXFNIKRN
2CEE FFSI = PFSI + DFSIXRN

A-18
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QOO0 OO0 000 000 O

250

999

CONTINUE
GMR = TGM/R

FARTIAL WRT R

FS = -GMRXFS/R

FARTIAL WRT LAMBDA

PLAMDA = GHRXPLAMDA

PARTIAL WRT PSI

FPSI = GMRXFFSI

CONVERT TO RECTANGULAR COORDINATES
FRR = PS/R

FLXY = PLAMDA/XYSQ
PETF = PRR - PFSIXPR(3)/(RTXYSOXRSQ)

DXC(1) = PRCLIXFPTP ~ PLXYXFR(2)
DX(2) = PR(IKFPTF + PLXY¥FR(1)
X(3) = PRR¥PR(3} + FPSIXRTXYSQ/RSR
RETURN

END

PROGRAM STORAGE:! 1956

VARIABLE STORAGE: 0484
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FROGRAM NAME

5ok

FURFOSE
70 DETERMINE THE FOSITION OF THE SUN WITH RESPECT TO THE EARTH

METHOD
POSITION OF THE SUN WITH RESFECT TO THE EARTH IS DETERMINED
FROM THE MEAN MOTION OF THE SUN AS DESCRIEBED IN THE SUFFLEMENT
TO THE NAUTICAL EFHEMERIS

S0LAR FOSITION AND VELDCITY ROUTINE

FOSITIONAL ACCURACY AEROUT .0005 RADIAN OR 73000 KM

INFUTS (ALL DOUERLE PRECISION)

AJD - FULL JULIAN EFHEMERIS DATE

QUTFUTS (ALL DOUERLE FRECISION)

Xi - X-COMFONENT OF GEQCCENTRIC SOLAR FOSITION VECTOR = X/R

Yi -~ Y~COMFONENT OF GEDCENTRIC SOLAR FOSITION VECTOR = Y/R

Z1 - Z-COMFONENT OF GEOCENTRIC SOLAR FOSITION VECTOR = Z/R
. ALL - SCALING FACTOR FOR GEOCENTRIC SOLAR DISTANCE

il

R = DISTANCE TO SUN IN KM 149597871.00/ (1. DO+AL1-AL2RLAMO)

CTOGOOOOOOCGOOOoOLOOO0O0O0OGoOOGCOGH DO
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SUBROUTINE S0L(AJDX1,Y1,Z1,AL10)
. REALXE AJDLAMOINsX1s71521,AL1,CORyEyTWOFI,
'J EGAMD » GAMD GO GLSEFSOEFSD I, EESEL,E2,EFS» GAM»GrALyRyCEFS s SEFS,
FRASUNDIECEUNSSL»F
TWOFI=6.2831853071795864762200
CRR=0,174532925179430~-01
GANO=281.220832D0XCHR
GAMI=, 0000470584 00%CDR
GO=358.475845D0KCIIR
GR=0.98540026700%XCDR
EF50=23,452294D0%CIR
EFSD=0.I56260-06XCIR
D=AJD-~-2415020,00L0
4 E=0,0167510400-0.,114440-08%D
E1=2,DOXE
k EFS5=EFSO-DXEF3D
GAM=GAMO+GAMDXD
G=G0+14GD
{ 2=35IN(G)

AL=0GAM+GHELXZ2
AL=DNMOD(AL» TWOFD)
X1=C05 (AL,
o 1=SINCALD
l CEFS=L05(EFS)
SEFS=5IN(EFRS)
Y1=71%CEFS
Z1=71%S8gFS
AL1=EXCO8(G)
RETURM

END

4
!
N
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2 FROGRA&FR NAME

LUNA
FURFOSE

TO DETERMINE THE FOSITION OF THE MOON WITH RESFECT TO THE EARTH
METHOD .
THIS SURROUTINE CALCULATES THE FOSITION AND VELOCITY OF THE MOON

FROM MEAN FLEMENTS OBTAINED FROM THE SUPFLIMENT TO THE NAUTICAL
EFHEMERIS :

LUNAR FOSITION ROUTINE

FOSITIONAL ACCURACY AROUT .0005 RADIAN OR 200 KM ]
~ TERMS WITH AMFLITUDES GREATER THAN 30 KM RETAINED

INFUTS (ALL DOURLE FRECISION)
JDOB - FULL JULIAN EPHEMERIS DATE

QUTPUTS (ALl IDOUEBLE FRECISION)

™ A1 - X-COMFONENT OF GEOQCENTRIC LUNAR FOSITION VECTOR = X/R

4 Yi - Y-COMFONENT OF GEOCENTRIC LUNAR FOSITION VECTOR = Y/R

e Zi - Z-COMFONENT OF GEOCENTRIC LUNAR FOSITION VECTOR = Z/R
ALL - SCALING FACTOR FOR GEOCENTRIC LUNAR DRISTANCE

R = DISTANCE TO MOON IN KM = 384399.06D10/(1.00+AL1-AL2XLAMO)

OO0 OOOOOOOCoOoO0OCoOO0oSo0NO0Oa00

SUBROUTINE LUNA (JLOBsX1yY1sZ1sAL1)

REALX8 X1,Y1,21

REALX8 JROER>OBLIQsT»TWOFISRLOELIOT,SLO,SLDOT,SLPD,SLFDO
FT-FQ,FLOT» LU0 DDOT » BL»SL»SLF»Fy Iy SOE»COR» By R 12,

FAL1sEFSOSEFSD s BLRy SLRYSLFRsFRy IRy E8L» CSL » SSLP» CSLFYSD .

- FrINCLCORsChsSFsCF»S28L » C28L»S20,C2L1s S4Ls LAl S2F » C2F » SNLMD2» CLM2D»
FECLMF s SLPC2D» CLPS2N SLCLFy CLELF» BLECF s CLB2F ySFC20, CFB2D»SLECF CLSBF
FCLC2D,SLEZDy S2LCF »CRLSF »BLXsCER,BLDLOT» SLDDOT» FIDOT » DDOT

EFOCH= 1200 JAN. 0.5 = J,D. 2413020.0

[yRe R

TUWOFI=6.283185307179610
COR=0,174532925199420-01

EFS0=23,45229400XCIR

EFSH=0,356260-06XCIR

CER=CIR/3600.110

INCL=0.089503Z00

ELD=(270.00+26.,049200/460. 0 YXCDR .
BLDOT=(1325,00%380,.D0+307 . [I0+52.9886010/60., 110 XCLIR
BLIDOT=-4,0800KCSER
SLO=(296.[10+6.276400/60, 00 XCIR

SLDOT=(1325, 10%3460.00+198, 0+50.946500/60. 10O YXKCDR
SLODOT=33,0900KCSR
SLPO=({358.,004+28,550L0/60.00)%CIR
SLELOT=(99.D0k340,00+359.10+2,98500/60. 110 XCIR
FO=(11,00+15.,053300/60.00)RCDR
FROT=(1342.00%240.00+82, 10+1,50700/60, 0)XCDR
FODOT=~11.5600%CSRK
OO0=(250.110+44,249200/60.1:0) XCDR

DUOT=(1234, 1042460 . 10+307 . [10+6.85300/460. O YXCIR
DROOT==5, 1 7OOXCSK .

c CONVERT RATES TO NATURAL UNITS (1/TWOFI DAY)
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OooOn

T=(JDOB~2415020,000)/346525,000

ChRLIN= EFSO~EFSIX(JDORE-2415C20,000)
SOB=3IN(CELIQ)

CO=CRS(0RLIG)
BL=DMODCBRLO+TXCBLIOT+ELDOOTAT) » TWOFI)
SL=UMODC(SLO04TX(SLUOT+SLIODOTXTY» TWOFI)
SLE=DMOL(SLFO4SLFIOTXT s TWGFRID
=HODCFO+TR(FOOTHFDOOTXT ) » TRWOFI)
D=DMOD(DTO+T#(ODOTHUDDOTAT) » TWOFI)
SSL =8IN(SL)

SILF=SIN(SLF)

CSL=Cu5(SLy

CSLF=CO3(SLF)

SD=SINCD)

SF=SIN(F)

CDh=C0S5(

CF=CU3(F)

325L=2.H0OXSSLXCSL

S2nr =2.00X%SD XCD

SOF =2.004SF XCF
CISL=CSL*¥C3L~SSL%¥SSL

C20 =CI ¥CI -SD XSI

C2F =CF XCF -5F XSF
SAn=2,00XS20xC2D
CAD=C2DXC2N-SRD*S2T

SNLMOC=S5LC2L-CELXS2D

CLM2L=COL kC2D+E8LXS2N

SLLCF=8ELXCF

CL3F=08L48F

SSLMF=SLCF-CL3F

K1=SNLMDIXCSLF

X2=CLM2DkSSLF

SLFC2D=35LF%C2D

CLFS2D=LSLF%82N

SLOLF=5SLXCSLF

CLSLF=C3L¥8SLF

SLC2F=SSLXC2F

CLS2F=CSLXS2F

AL 1=SFxC2I

AL2=CFXG2DN

Z1=CEL%C2D

Z2=G5L%S2D

Y1=CSLX*CSLF

Y2=58L%XSSLF

S2C SLRCF

C2LGF=CIGLXSF

BL=BL+0.01149000%520 ~0.,001996I0KS2F ~0.003238N0OXSSLF
¥ ~0.02223600%SNLMI2 +0.109760010XS5L +0.003728D. %3281

#-0,00060700%SI~0.00026700% (S2FXC2I-C2FXEZN) -0, 000801 DOX(SLFC2D

¥ ~CLFS2IN-0,00011800%(SLPC2D+CLFS2D)4+0,000138D0X (X1 ~X2)+0. 000716110
$X(SLLLF~CLSLF)Y+0.,00019200%(SLL2F~-CLE2F)-0.000186D0X(SSLXCAD-CSL %54
#[1)4+0,000721 00X (SSLAC2O+CSLXB2IN -0, 00021FD0OX(SLCIF+LLE2F ) -0.0007970
FOK(X1+X2)-0,000532H0%X(SLCLF4CLSLF)-0.000149D0X (S2SLXCAL-CASLXG4L)
$-0,001026D0%(S25LXC2D-C2SLAE2D) +0. 00017500 SELXC2SL+CSLA528L)

B=INCL¥SF-0,0030Z3N0K(AL1-AL2) +0,004877D0K(SLLF+CLSF) +0
#.004B4700%55LMF +0,00056FN0X(ALLI+ALR) ~0.0001 4400k (SELFX(LFAC204GF
F xS2D)+CSLPXCAL1-AL2)) -0.,00080700K(SNLMDOKCF+CLMRDXEF ) +0. 00016110
FX(GSLMFXC2D+H(CELACF+SELXSF)AS2N1) -0, 000967 D0K( ENLMD2HCF~CLMINIXSF)
$+0,000201 00X (SR CF+CALESF)I+0. 0001 34ATI0K(S2LOF-CR2LEF)

AL1l= 0.0082488D0%L2D +0.,010024700%(Z1 422 +0.05450
$0BDOXCEL40.0027270000%C2SL+0.000701 700K (Z1-Z2)+0,0003460410K(CSLFKC2
$U+SSLFAERDI40,000421 900K (CLMADACSLF ~SNLMIZXESLF) 0, 0003369004 (Y1+Y
£2)-0,000277300%(Y1-Y2)-0,0002086010k (CSLXCIF+SSLASIF)
¥ +0.000181700%(CSLAC2SL-SSLXS2SL)

FROM NOW ON» SL=SIN(EBL)y F=SIN(R)y D=COS(E)

SL=SIN(EL)

SLF=COS(BL)

F=SIN(R)

D=COS(E)

X1 =Ix3LF

Y1 =[&SL.XCOK~FXSOR
Z1 =[XSL¥SUB+FXCOR
RETURN

END
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UTI FORT//80 COMPILER 3.26

0000 COHPILER(1)=2000H

2006 COMPILER(3)=1FFFH

2006 REAL %8 FUNCTION ABS(X)

2006 C

2006 REAL X8 X

2006 €

2006 ABS=X .

2010 IF (AES.LT.0.0R0) AES=-ABS
2027 RETURN

202D END

PROGRAM STORAGE: 0039

e VARIABLE STORAGE! 0020

Ll
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UTI FORT//80 COMFILER 3.26

202D
202D
202D
202D
202D
203R
2045
2054
206E
2074

REALX8 FUNCTION DMOD(X»XM)
REALXS X»XM»XMOD

KMOD=X/XM

XMOD=KMOD

DIMOLi=X~-XMOIEXM

IF (DMOD.LT.0.000) DMOD=DMOD+XM
RETURN

END

PROGRAM STORAGE? 0071

VARTABLE STORAGE: 0042
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UTT FORT//80 COMPILER 3.26

2074 REAL¥8 FUNCTION SGRT(X)
2074 C ,
2074 REAL¥8 X»SQ1,SQ2
2074 € .
2074 IF .(X.,LT.1.D0-6) SQ1=5,0-13
2080 IF (X.GE.1.D0-4) S01=5.,0-10
2044 IF (X.GE.1.D-3) S01=5,.0-5
20BF 1F (X.GE.1.D-1) S@1=4.0-1
zonb IF (X.GE.1.00) SGQi=1,D0
20F1 IF (X.GE.4.D0)  SQ1=2,500
. 2104 IF (X.GE.1.01)  SG1=5.00
’ 2123 IF (X.GE.5,D01) SQ1=1.014
bhap IF (X.GE.5.D2)  S01=1.02
2155. IF (X.GE.S.04)  SQ1=1,03
214 IF (X.GE.5.06)  SG1=1.D4
- 2187 - IF (X.GE,5.D8) SQA1=1.DS
1 21A0 IF (X.GE.S.Di0) SQ1=1.Dé
21B9 IF (X.BE.S,D12) SGi=1,07
2145 IF (X.GE.5.D14) SRi=1.08
. ZAEE IF (X.GE.S.I16) SQ1=1.09
“1 2204 IF (X.GE.5.018) SQ1=1,010
} bdhip IF (X,GE.5.D20) SGi=1.D11
dhke IF (X.GE.5.022) SQ1=1.012
350F ¢
} " 224F J=0
. 2255 301  SR2=0,5D0K(SQ1+X/SQ1)
2248 IF (ABS(SG2-5Q01).LT.ABS(1.0~12%SQ2)) GO TO 310
2294 J=J+1
i 229E IF (J.6T.30) G0 TO 310
} 2244 SR1=5Q2
- 22B4 G0 TO 201
22E8 310 SQRT=SQ2
2262 RETURN
22¢9 END

FROGRAM STORAGE! 0597

VARIABLE STORAGE: 0038

Fiia

Db
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REAL %8 FUNCTION SIN(XA)

REALXS XeXArArByCHDEvXSQ
REALX8 FIFIO2,TWOFI

PI=3.1415926535897932384400
FID2=1,570792632679489661923D0

TUOFI=6.2831853071795864769200

A=1.,57079463184700

=~ ,6459637110600
£=0.794894679280~1
[=~0,4673765570-2
E=0,151484190-3

X=XA _

X=OMOD (X TWOFT)

IF (X.BT.PI) X=X-TWOPI

IF (X.GT.FIO2) X=FI-X

IF (X.LT.-FI02) X=-FI=-X
X=X/FI02

XSQ=X%X
SIN=X¥ (A+XSHX (B+XSAX(C+XSAX (D+XSOXE) ) ))
IF (SIN.GT.1.000) SIN=1,000
IF (SIN.LT.-1.000) SIN=-1,000
RETURN
END
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UTI FORT//80 COMPILER 3.26

2406
2406
2406
2406
24046

2410

241E
2434
2438

REALX8 FUNCTION COS(X)
REAL%8 X XXrFIO02

FI02=1.570794632679482466172310
XX=pI02~X

COS=8SIN(XX)

RETURN

END

PROGRAM STORAGE: 0053

VARIABLE STORAGE: 0034



UTI FORT//80 COMFPILER 3.26

243B
243B
243B
243B
243k
243B
243B
2445
2454
245H
2462
2469
2470
2470
2477
247E
24846
248E

2495

249C
24A3
2443
244E
24BC
24C7
24CD
2400
24DE
24E2
24F0
24FA

‘2801

2508
250R
250R
2519
2520
2527
2535
253F
2544
2544
2544
2554
2S5B
2576
2581
258C
2597
2542
254D
25EC

101
102

REALXE FUNCTION ATAN2(X1.,X2)

REALXS XirXQiUrCOvCI'CQ'C3IA

REALX8 FPIO16sTHRFIO16sTFIDL14yTIFIOL6FI02,S8QT2N1
REALXB B1sB2yB3+vZ2Z21sZ2+sZ3sF1yF25Q1,Q2,F3sATANX»Y»Y1sALFHA

FID16=0,196349540849300
THRPID16=FI016+FPI016+PI016
TPID16=0,19891236737911:0
T3F1016=0.6681786379186010
FI02=1.,3707963267948966122300
SAT2M1=0.41421356227300

C0=0,206885682818530300
C1=32.,008682092051745L0
C2=-3.49761017736154300
C3=-0.12433642854541818D0
Bl1=5,1827266371744200L0
B2=2,6192466421367197D0
B3=1.319706466844302110

IF (X2.EQ.0.0010) GO 7O 209
U=X1/X2

IF (U.,LT.0,000) GO TO 101
IUSIGN=0

G0 TO 102

U=-U

IUSIGN=1 \

IF (U.GT.1.10) 6O TO 105
Y=U

A=0.10

KE=1

GO TO 106

Y=1,00/U

A=FI02

Kb=-1

IF (Y,GT.SQT2M1) GO TO 109
Y1=TFIO16

ALPHA=FID16

GO TO 110

Y1=T3IFIO16
ALFHA=THRFIO14
A={Y-Y1)/(1.000+Y%kY1)
Z=X%X

Z1=Z+R1

Z2=Z+E2

23=7+EK3

F1=C2%Z3

Q1I=C3+Z2%Z3

P2=C1xQ1
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25C7 Q2=P1+Z1%Q1

25Ds6 F3=C0+FP2/02

QATES ATANX=X*F3

29F0 C

25F0 . ATAN2=ALFHA+ATANX

25FB IF (KB.EQ.-1) ATAN2=~ATAN2
2614 ATAN2=A+ATANZ

2622 IF (IUSIGN.EQ.1) ATAN2=-ATANZ2
243K RETURNM

2641 209 ATANZ=FID2

264B RETURN

26352 END

PROGRAM STORAGE: 0535

VARIABLE STORAGE: 0264

i
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